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,QFUHDVLQJ WUDIILF ORDG RQ H[LVWLQJ WUDQVSRUW LQIUDVWUXFWXUH LV UHVXOWLQJ LQ ERWWOHQHFNV RQ YHKLFXODUPRYHPHQW )UHTXHQW WUDIILF
MDPVDQGDFFLGHQWVLPSRVHVHYHUHUHVWULFWLRQVRQSDVVHQJHUVDIHW\DQGFRPIRUW7KLVFDQDIIHFWWKHUHVSRQVHWLPHRIHPHUJHQF\
YHKLFOHV VXFK DV DPEXODQFHV DQG ILUH EULJDGHV LQ UHDFKLQJ WKHLU GHVWLQDWLRQV 7KLV SDSHU SURSRVHV D 568 EDVHG VFKHPH WKDW
HQDEOHVYHKLFOHVWRHYDOXDWHH[LVWLQJWUDIILFFRQGLWLRQDQGG\QDPLFDOO\DGMXVWURXWHLQIRUPDWLRQIRUFRPSXWLQJRSWLPDOURXWHWR
WKHLU LQWHQGHGGHVWLQDWLRQ(DFK568HVWLPDWHVWKHFRQJHVWLRQRIDOO WKHODQHVZLWKLQLWV WUDQVPLVVLRQUDQJHE\FRQVLGHULQJWKH
FXPXODWLYHORDGRIWUDQVPLWWHGSDFNHWV7KLVORDGLVWKHQXWLOL]HGIRUHVWLPDWLQJWKHYHKLFOHGHQVLW\DQGFDOFXODWLQJWKHRSWLPDO
URXWHIRUYDULRXVRQWRORJ\RIYHKLFOHVE\XVLQJDFWLYLW\ILOHEDVHGURXWLQJSURWRFRO7KH568VEDVHGEDFNERQHWKHQWUDQVPLWVWKLV
LQIRUPDWLRQ WR WKH QHLJKERULQJ YHKLFOHV 7KH UHVXOWV RI VLPXODWLRQ UHSUHVHQW WKH HIIHFWLYHQHVV DQG VLPSOLFLW\ E\ WKH SURSRVHG
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SURYLGHVERXQWLIXOFKDOOHQJHIRU WUDIILF UHJXODWRU\DXWKRULW\ WRPDQDJH ODUJH WUDIILF6HYHUH WUDIILFFRQGLWLRQVPD\
FDXVH ORVV RI OLIH E\ PHDQV RI DFFLGHQWV DQG DVVRFLDWHG WKUHDWV LPSRVHV JUHDW FKDOOHQJH WR JHQHUDO SXEOLF 7KH
KHWHURJHQHRXV W\SHRI WUDIILFRQ WKH URDGVDOVR LPSDFWYHKLFXODUPRYHPHQW WKDW FDXVHVDEQRUPDO VLWXDWLRQGXH WR
ZKLFKWKHUHDUHORWRIWUDIILFMDPVDQGFRQJHVWLRQRQWKHURDGV7KLVUHVXOWVLQORQJYHKLFXODUTXHXHVZKLFKFDXVHD
ORWRIIXHOFRQVXPSWLRQDQGSROOXWLRQE\HPLVVLRQRI&29HKLFOHFRXQWLQFUHDVHE\SHUFHQWGXULQJWKHGXUDWLRQ
RI WR)RU WKHGXUDWLRQRI WKHQXPEHURI URDGFDODPLWLHVZDVDVD UHVXOWRIZKLFK WKH
FRXQW RI GHDWKV ZHUH   DQG LQMXU\ RI   SHUVRQV LQ ,QGLD 7KXV WKHUH LV D FULWLFDO QHHG IRU DQ
,QWHOOLJHQW 7UDQVSRUW 6\VWHP ,76 ZKLFK KHOSV WR SURYLGH RSWLPXP URXWH IRU YHKLFOHV WR WKHLU GHVWLQDWLRQ DQG
WKHUHE\UHGXFLQJWKHWUDYHOLQJFRVWRQDFFRXQWRIZDVWDJHRIWLPHRQWUDIILFMDPVDQGFRQJHVWLRQ
9HKLFOHVDUHHTXLSSHGZLWKLQEXLOWVHQVRUXQLWVZKLFKDUHFDSDEOHRIVHQVLQJDQGFRPPXQLFDWLQJZLWKHDFKRWKHU




LQIUDVWUXFWXUH E\ WKH PHDQV RI ZLUHOHVV DFFHVV LQ YHKLFXODU HQYLURQPHQW :$9( 9HKLFOH WR 9HKLFOH 99
FRPPXQLFDWLRQRFFXUXVLQJRQERDUGXQLWV 2%8VDQG9HKLFOH WR,QIUDVWUXFWXUH9,FRPPXQLFDWLRQRFFXUZLWK
WKH KHOS RI 2%8V  WR URDGVLGH XQLWV 568V 9$1(7V SRVVHVV FKDUDFWHULVWLFV VXFK DV KLJKPRELOLW\ IUHTXHQW
FKDQJHLQWRSRORJ\QRSRZHUFRQVWUDLQWVVSDUVHDQGGHQVHQRGHGHQVLW\UDQJHEHWZHHQPWRPH[SHQVLYH
LQIUDVWUXFWXUH ZHDN PXOWLKRS URXWLQJ UHJXODU FKDQJH LQ SDWWHUQ RI QRGHV XVH RI LQEXLOW HOHFWURQLF XQLWV DQG
SRVLWLRQDFTXLVLWLRQWKURXJK*OREDO3RVLWLRQLQJ6\VWHP*36
9$1(7 DSSOLFDWLRQV UHTXLUH GLIIHUHQW VRUW RI EDQGZLGWK DQG FRYHUDJH DUHD 7KHVH UHTXLUHPHQWV DUH EDVHG RQ
VSHFLILF WLPH DQG ORFDWLRQ 7KH YDULRXV WHFKQRORJLHV XVHG IRU ZLUHOHVV DUH :RUOGZLGH ,QWHURSHUDELOLW\ IRU
0LFURZDYH $FFHVV :L0$; FHOOXODU QHWZRUNV VDWHOOLWH DQG :LUHOHVV /RFDO $UHD 1HWZRUN :/$1 FDQ EH
DGRSWHGIRU9$1(7,(((SLVJHQHUDOO\UHIHUUHGWRDV'65&VWDQGDUG'65&LVEDVHGRQ*+]IUHTXHQF\
VSHFWUXP DQG SDUWLWLRQ WKH DYDLODEOH EDQGZLGWK LQWR VHYHQ FKDQQHOV KDYLQJ  0+] HDFK 7KH ZLUHOHVV






QRGH GHQVLW\ 6R FRPPXQLFDWLRQ EHWZHHQ YHKLFOHV DQG URDGVLGH LQIUDVWUXFWXUH KDV EHFRPH RQH RI WKH PRVW
SHUSOH[LQJ WDVN$ ORW RI5HVHDUFKKDVEHHQ FDUULHGRXWE\ UHVHDUFKHUV WRGHYHORSGLIIHUHQW W\SHVRISURWRFROV WR
VXSSRUW YDULRXV DSSOLFDWLRQV LQ 9$1(7V 7KHVH SURWRFROV FDQ EH FKDUDFWHUL]HG DV EURDGFDVW URXWLQJ SURWRFRO
JHRFDVWURXWLQJSURWRFROIRUZDUGLQJURXWLQJSURWRFROFOXVWHUEDVHGURXWLQJSURWRFRO EHDFRQLQJURXWLQJSURWRFRO
SRVLWLRQEDVHGURXWLQJSURWRFROGHOD\WROHUDQWURXWLQJSURWRFRODQGDGKRFURXWLQJSURWRFRO&OXVWHULQJSURWRFROLQ
9$1(7VUHTXLUHFRQVLVWHQWVSHHGDVZHOODVPRELOLW\ WRPDNHFOXVWHUZKLFKLVDGLIILFXOW WDVNIRUDOO WKHYHKLFOHV
ZKLOHDGKRFSURWRFROVDUHPRVWO\XVHGLQ0$1(7DQGKDYHEHHQWHVWHGLQ9$1(7HQYLURQPHQWWRR
6KRUWHVWSDWKDOJRULWKPLVPRVWO\UHTXLUHGIRUVRXUFHWRGHVWLQDWLRQZKHQWKHUHLVWUDIILFMDPRURWKHUFDODPLW\
7R DGGUHVV WKLV SUREOHP VKRUWHVW SDWK URXWLQJ SURWRFRO LV QHFHVVDU\ IRU HPHUJHQF\ YHKLFOHV GLVDVWHU UHFRYHU\
YHKLFOHVDQGILUHEULJDGHYHKLFOHV7KHVHURXWLQJSURWRFROPD\XVHURDGVLGHLQIUDVWUXFWXUHWRILQGVKRUWHVWURXWHIURP
VRXUFH WR GHVWLQDWLRQ0RVW RI WKH SURSRVHG SURWRFROV IRU VKRUWHVW SDWK URXWLQJ DUH H[WHQGHGZLWK'LMNVWUD¶V DQG
%HOOPDQ)RUGDOJRULWKP7KHVHDOJRULWKPVKHOSWRILQGVKRUWHVWSDWKWRWKHGHVWLQHGORFDWLRQ7KHPDLQJRDORIWKHVH
SURWRFROVLVWRVHQGSDFNHWVZLWKPLQLPXPGHOD\






DQG WUDQVPLVVLRQ FKDUDFWHULVWLF EDVHG RQ VKRUWHVW URXWH UHTXLUHG E\ FRUUHVSRQGLQJ SDFNHWV WR WUDYHO IURP YHKLFOH









SURIHVVLRQDOV UHVHDUFKHUV DQG WUDQVSRUW HQJLQHHUV KDYH SURSRVHG QXPEHU RI VKRUWHVW URXWLQJ DQG DGDSWLYH WUDIILF










ZRUNHGZHOO LI WKHGHOD\VLQGDWD WUDQVPLVVLRQIURPVRXUFHWR WDUJHWZHUHVPDOOHQRXJKDQG39$7ZRUNHGDVDQ
HQKDQFHPHQW RI $%7 DQG FRXOG EH XVHG ZKHQ WKH GHOD\V LQ GDWD WUDQVPLVVLRQ IURP VRXUFH WR WDUJHW ZHUH
FRPSDUDWLYHO\ODUJH




6KHQJOHL HW DO SURSRVHG D URXWH RSWLPL]DWLRQ DOJRULWKP ZKLFK ZDV XVHG WR UHGXFH WKH URXWLQJ SUREOHP ,W




FRQJHVWLRQ ZKLFK RFFXUUHG GXH WR XQZDQWHG DQG XQSUHGLFWDEOH LQFLGHQWV WKXV VHOHFW RSWLPDO SDWK DQG XWLOL]H
PLQLPXP WLPH WR WKH GHVWLQHG ORFDWLRQ 9$1(7 EDVHG XVHIXO QDYLJDWLRQ V\VWHP IRU DPEXODQFHV ZDV GHSOR\HG
WKURXJKDFHQWUDOL]HGGLVSDWFKFHQWHU,WKHOSHGWRUHPRYHXQSUHGLFWDEOHMDPVDQGVHOHFWHGWKHVKRUWHVWSDWKWRWKH
GHVWLQHG ORFDWLRQ EDVHG RQ DOUHDG\ VWRUHG SUHYLRXV GDWD 7KH\ DOVR XVHG WKH XSGDWHV IURP UHDO WLPH WUDIILF
LQIRUPDWLRQ+RZHYHUWKHSURSRVHGVFKHPHEDVHGRQZLGHVSUHDGDYDLODELOLW\RIPHWURWUDQVSRUWV\VWHPWKDWMRLQHG
DOOWKHGLIIHUHQWORFDWLRQVRIFLW\ZLWKGLVSDWFKFHQWHU




IURPVRXUFH WRJLYHQGHVWLQDWLRQDQGVHOHFWVKRUWHVWSDWK7KHVHFRQGDOJRULWKPZDVXVHG WRNHHS WKH WUDIILF OLJKW
JUHHQDQGSURYLGHDEVROXWHSULRULW\IRUWKHHPHUJHQF\YHKLFOHVXFKDVDPEXODQFHEDVHGRQDGDSWLYHFRQWURORIWUDIILF
OLJKW
6HHWKDODNVKPL HW DO VHOHFWHG WKH HOLJLEOH SDWK ,WZDV EXLOW FRQVLGHULQJSRZHU FRQVXPSWLRQRI YDULRXV QRGH
WUDIILF FDSDFLW\DQGQXPEHURI LQWHUQRGHV LQ WKHJLYHQQHWZRUN7RFDOFXODWH WKHEHVW URXWLQJ VLPSOH UXOHVZHUH
FUHDWHG7KHVHUXOHVZHUHEDVHGRQIX]]\DQGURXJKVHWSURFHGXUHV,WZDVDOVRXVHGIRUFDOFXODWLQJSDWKYHFWRUDQG
UHPRYH LUUHOHYDQW UHVRXUFH DQG DWWULEXWHV 7KH JLYHQ UXOHV ZHUH HVWLPDWHG XVLQJ YDULRXV SURDFWLYH DQG UHDFWLYH
SURWRFROV 7KH VLPXODWHG HQYLURQPHQW XVHG YDULRXV SURWRFROV VXFK DV 'HVWLQDWLRQ6HTXHQFHG 'LVWDQFH9HFWRU








SURFHGXUH IRU SUHVHQW URDG GHQVLW\  ,W SURYLGHG DQ DUFKLWHFWXUH EDVHG RQ VHUYHUVLGH PRGXOH XVHG IRU GHFLVLRQ
PDNLQJ,WZDVXVHGIRUWKHEURDGFDVWLQJRIYDULRXVLQVWUXFWLRQVWRQHDUHVWYHKLFOHV
0DVOHNDU HW DO SURSRVHG V\VWHP WKDW FRXOG DGDSWLYHO\ FRQWURO WUDIILF VLJQDO ,WZDVEDVHGRQ FRPPXQLFDWLRQ
EHWZHHQ YHKLFOHV WR YHKLFOHV 7KH SURSRVHG V\VWHP UHGXFHG WKH TXHXH OHQJWK DQG DYHUDJH ZDLWLQJ WLPH RI WKH




7KH DXWRPDWLRQ SURFHVV IRU WKH SURSRVHG VFKHPH XVHV D QHWZRUN PRGHO WKDW LQFOXGHV ERWK 99 DQG 9,
FRPPXQLFDWLRQ,WLVDVVXPHGWKDW568
VDUHSODFHGQHDUHYHU\URDGLQWHUVHFWLRQZKHUHWUDIILFOLJKWVDUHLQVWDOOHGDV
VKRZQ LQ)LJXUH(DFK568FRXQWV WKHQXPEHURIYHKLFOHV LQ VSHFLILF ODQHVZLWKLQ LWV WUDQVPLVVLRQ UDQJH7KH
568V VHQG WKLV LQIRUPDWLRQ WR 7UDIILF 5HJXODWRU\ $XWKRULW\ 75$ ZKLFK PDQDJHV WKH WLPLQJ RI DOO WKH OLJKWV
WKURXJKDG\QDPLFWUDIILFOLJKWV\VWHP7KHQ75$VHQGVDPHVVDJHWKDWFRQWDLQVWUDIILFOLJKWWLPLQJLQIRUPDWLRQWR
HDFK WUDIILF OLJKW MXQFWLRQ IRU G\QDPLFDOO\ XSGDWLQJ WKH GXUDWLRQ RI DOO WKH WUDIILF OLJKWV 7KH SURSRVHG VFKHPH

























Input: Number of vehicles, Activity file, Mobility File, Simulation time 



























QRGHDFWLYLW\KHOSHUFODVV LVEXLOW LQQHWZRUNVLPXODWRU16 WKDWXVHV WKHDFWLYLW\ILOHFUHDWHGLQ WKHLQLWLDOVWHS
7KH UHTXLUHPHQW RI95 FRPPXQLFDWLRQ LV WKHQ IXOILOOHG E\ SRVLWLRQLQJ568¶V DW DOO FULWLFDO URDG MXQFWLRQV DQG
WKHVH568¶VZRUN DVGDWD VLQNV IRU WKHYHKLFOHV LQ WKHLU WUDQVPLVVLRQ UDQJH :KHQHYHU DQRGH HQWHUVZLWKLQ WKH
FRPPXQLFDWLRQUDQJHRID568 LWEHJLQV WKHSURFHVVRIGDWD WUDQVIHUE\EURDGFDVWLQJSDFNHWVXVLQJ&RQVWDQW%LW
5DWH&%5EDVHGPHFKDQLVP
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6LPXODWLRQDQG5HVXOWV
5.1. Simulation Environment and Tools used 
7KH SURSRVHGZRUN LV VLPXODWHG XVLQJ QHWZRUN VLPXODWRU16ZKLFKPDNH XVH RIPRELOLW\ DQG DFWLYLW\ ILOH
JHQHUDWHGE\68029HKLFOHPRELOLW\LVVLPXODWHGXVLQJPLFURVFRSLFWUDIILFVLPXODWRU68027KHWUDIILFVLPXODWRU
SUHVHQWVURDGQHWZRUNRIXUEDQVFHQDULRRI&KDQGLJDUKFLW\DVUHSUHVHQWLQ)LJXUHD7KHVLPXODWLRQLVGRQHZLWK
VDPH W\SH RI YHKLFOHV ZKLFK HQWHU WKH &KDQGLJDUK FLW\ IURP GLIIHUHQW HQWU\ SRLQWV DQG GHOLYHU WKHLU SDFNHW
WUDQVPLVVLRQWR568QHDUWKHWUDIILFOLJKWMXQFWLRQV7KHPRYHPHQWRIYHKLFOHVQHDUWKHMXQFWLRQLVUHSUHVHQWHGLQ
)LJXUHE,QVWHDGRIVLPXODWLQJFRPSOHWHXUEDQVFHQDULRRI&KDQGLJDUKRQO\WKRVHURDGMXQFWLRQVDUHVLPXODWHG
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5.2. Results 
7RHYDOXDWHWKHSHUIRUPDQFHRI'\QDPLF9HKLFOH2QWRORJ\EDVHG5RXWLQJ'925ZKLFKLVGHYHORSHGE\XVLQJ




WRWDO QXPEHU RI SDFNHWVZKLFK DUH VHQW E\ VHQGHU )LJXUH  VKRZV FRPSDULVRQ EHWZHHQ SDFNHW GHOLYHU\ UDWLR RI





0HDQGHOD\EDVLFDOO\FDXVHGE\ URXWHGLVFRYHU\DQGGDWDTXHXHSURFHVV LQGDWD WUDQVPLVVLRQ)LJXUH UHSUHVHQWV
FRPSDULVRQEHWZHHQPHDQGHOD\RI'9252/65DQG'6'97KHUHVXOWVKRZVWKDW'925SURWRFRO
VPHDQGHOD\
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